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Abstract 
The article describes a method of determining the weber-ampere characteristics electrotechnical AC devices with moving parts of 
the magnetic circuit, in particular electromagnets. The solution of the inverse problem of harmonic balance and the method of 
natural-model tests allow obtaining weber-ampere characteristic of the electromagnets, in which it is possible not only to 
determine the state of the electromagnet, and the type of fault. The technique is based on the previously conducted studies to 
obtain weber-ampere characteristics of electrotechnical devices to a fixed part of the magnetic circuit. The relevance of the 
proposed method is based on the possibility of diagnosing electromagnets both in production and in the course of their operation. 
The method provides a weber-ampere characteristic of the operating cycle with electromagnets error does not exceed 3%. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
All electromagnetic AC device are movable and the fixed part of the magnetic circuit and at least one working 
coil. During the operation of electromagnets AC operating coil current flows, a working magnetic flux in the 
stationary part of the magnetic circuit that drives the movable part. The magnetic flux determined by the design, the 
mutual arrangement of the working parts of the magnetic core and the coil, as well as the number of turns in it and 
the magnitude of the flowing current. During the working cycle of the AC electromagnet movable part moves 
relative to the stationary magnetic circuit, which also leads to a change in magnetic flux. The conclusion is that, as 
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an integral characteristic of containing not only information about the operating parameters of AC electromagnets, 
but also the quality of its individual parts is weber-ampere characteristic of the operating cycle. 
2. Determination of weber-voltage characteristics of an electromagnet 
The method of determining the weber-ampere characteristics of electromagnets is inversion harmonic balance 
method of natural-model tests [1-9], the unifying dimension of the physical object and the modeling of the object. 
The method allows to determine the shape of the weber-ampere characteristic, the known flowing through the coil of 
the electromagnet current, given in the form of a Fourier series: 
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where I(2m-1) – amplitude (2m-1) harmonic current and the known shape and amplitude Ua the voltage applied to the 
coil of an electromagnet: 
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Seeking weber-ampere characteristic of the electromagnet, given approximated by the expression: 
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where Ɏ – value of the magnetic flux, k(2m-1) – the coefficients of the approximating expression weber-ampere 
characteristic, (1, )m n , n – the number of terms in the approximated by, i – the current flowing through the coil 
of the electromagnet. 
In our case, there is an electromagnet with an unknown weber-ampere characteristic, known laws of variation of 
voltage (2) applied to the electromagnet, and the current flowing through it (1). It is required to determine the 
coefficients k(2m-1) expression (3), approximating weber-ampere characteristic. 
The equation of the circuit of the electromagnet:  
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Rewrite it, taking into account the known laws of current change (1) and voltage (2): 
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Experiments with electrical devices without moving parts of the magnetic circuit, which as a method to determine 
the weber-ampere characteristics of the electrical device used an algorithm natural-model test, which consists in the 
following: on the electrical unit is supplied sinusoidal voltage and using the current and voltage sensors, 
measurements of input (voltage) and the output (current) electrical signaling device, then received data is sent to a 
personal computer, where model inputs are set to obtain the output data model, and using optimization algorithm 
seeking matching the output of the electrical device and its model. When coincidence output is based on the latest 
iteration of the resulting weber-ampere characteristic. As a basis for constructing optimization algorithm of the 
control program using the simplex method of optimization. The program implements the electromagnet, and an 
optimization program based on a simplex-planning [10]. 
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Algorithm natural-model tests in the case of an electromagnet, having in his part of the movable parts of the 
magnetic circuit is as follows. At not disassembled from the electrical product AC electromagnet supplied a 
sinusoidal voltage whose amplitude is changed stepwise from zero up to the nominal and back (Fig. 1). This makes 
the duty cycle electromagnet, overcoming the resistance of the actuators connected to it. 
 
 
Fig. 1. Step-varying sinusoidal voltage. 
At each stage of the voltage measured by the private weber-ampere characteristic and the current amplitude. 
Fixing the location of the endpoints of private weber-ampere characteristics of the resulting weber-ampere 
characteristic of the operating cycle (Figure 2, a) and b). 
 
 
a)     b) 
Fig. 2. The method of obtaining weber-ampere characteristic: a) direct and b) reverse branch. 
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The research showed that the mean obtained by weber-ampere characteristics of the operating cycle of 
electromagnets AC can determine the type of fault (Fig. 3 – 6). 
 
 
Fig. 3. Weber-ampere characteristics of the operating cycle of electromagnets AC defects, clogging on the upper surface of the 
armature. 
 
Fig. 4. Weber-ampere characteristics of the operating cycle of electromagnets AC defects, interturn short-circuit. 
 
Fig. 5. Weber-ampere characteristics of the operating cycle of electromagnets AC defects, sticking of the armature in the initial 
position. 
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Fig. 6. Weber-ampere characteristics of the operating cycle of electromagnets AC defects, stuck in the extended position of the 
armature. 
The mathematical analysis of the inverse problem of harmonic balance, held computing and natural experiments 
using a mathematical model and a number of electrical devices (solenoid, motor and toroidal transformer). The 
results of which suggest that the proposed method provides a measurement of current-voltage characteristics of 
electrical characteristics of the device with an error not exceeding 3% [11]. A study [7, 8], the effect of measurement 
errors on the accuracy of harmonic current method of determining the weber-ampere characteristics. The values of 
harmonic currents varied in the range of ± 4,4%, the additional error getting weber-ampere characteristics did not 
exceed 1%. 
3. Conclusions (Summary) 
The proposed method can diagnose electrical devices AC magnetic moving parts such as solenoids, relays, AC 
etc. The relevance of the proposed method is the possibility of the diagnosis of electromagnets as in production [12] 
and in the course of their operation. The method provides a weber-ampere characteristic of the operating cycle with 
electromagnets error does not exceed 3%. 
The results obtained with the support of ʋ 1.2690.2014 / K "Methods for solving inverse problems of diagnosis 
of complex systems (engineering and medicine) on the basis of natural-model experiment" performed under the 
project of the state task using equipment NBI "Diagnosis and energy-efficient electrical equipment " South-Russian 
State Technical University (NPI) of the MI Platov. 
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